The Copernicus programme, is a European initiative for the implementation of information services based on observation data received from Earth Observation (EO) satellites and ground based information. In the frame of this programme, ESA is developing the Sentinel-2 optical imaging mission that will deliver optical data products designed to feed downstream services mainly related to land monitoring, emergency management and security. To ensure the highest quality of service, ESA sets up the Sentinel-2 Mission Performance Centre (MPC) in charge of the overall performance monitoring of the Sentinel-2 mission. TPZ F and DLR have teamed up in order to provide the best added-value support to the MPC for calibration and validation of the Level-2A processor (Sen2Cor) and products. This paper gives an overview over the planned L2A calibration and validation activities. Level-2A processing is applied to Top-Of-Atmosphere (TOA) Level-1C ortho-image reflectance products. Level-2A main output is the Bottom-Of-Atmosphere (BOA) corrected reflectance product. Additional outputs are an Aerosol Optical Thickness (AOT) map, a Water Vapour (WV) map and a Scene Classification (SC) map with Quality Indicators for cloud and snow probabilities. Level-2A BOA, AOT and WV outputs are calibrated and validated using ground-based data of automatic operating stations and data of in-situ campaigns. Scene classification is validated by the visual inspection of test datasets and cross-sensor comparison, supplemented by meteorological data, if available. Contributions of external in-situ campaigns would enlarge the reference dataset and enable extended validation exercise. Therefore, we are highly interested in and welcome external contributors.
INTRODUCTION
In the frame of the Copernicus Programme (European initiative for the implementation of information services dealing with environment and security), ESA is developing the space segment with a series of satellite missions, known as Sentinels. Sentinel missions 1 to 3 are designed as a constellation of two satellites to improve revisit and earth coverage requirements. Both radar-and multi-spectral imaging instruments are applied to monitor land, ocean and atmosphere.
Sentinel-2 mission
Sentinel-2 is a polar-orbiting, optical mission for land monitoring and emergency services, designed with an enhanced spectral range and performances compared to previous similar imaging missions as SPOT and Landsat missions. S-2 offers satellite data with systematic global coverage of land surfaces, high spatial and spectral resolution, and wide field of view (290 km) (Table 1) . Multi-spectral instrument aims at measuring reflected radiance in 13 spectral bands spanning from the Visible to the Short Wave Infra-Red spectral range (Table 2 ). Comparing to the recently launched Landsat 8 (OLI) imaging system, S-2 includes eight similar bands, while has non thermal band. 443  20  60  2  490  65  10  3  560  35  10  4  665  30  10  5  705  15  20  6  740  15  20  7  783  20  20  8  842  115  10  8a  865  20  20  9  945  20  60  10  1375  30  60  11  1610  90  20  12  2190  180  20  Table 2 . Multi-spectral instrument specifications.
To ensure the highest quality of service for the Sentinel-2 mission, ESA sets up the S-2 Mission Performance Centre (MPC). The MPC is in charge of the overall performance monitoring of the S-2 mission within the S-2 Payload Data Ground Segment (PDGS). It is constituted of a Coordinating Centre (MPC/CC) in charge of the main routine activities, engineering support to the mission, overall service management, and the Expert Support Laboratories (ESLs) providing the scientific expertise according to their area of competency ( Figure 1 ). The S-2 MPC includes five ESLs responsible for processors calibration and validation of Level-1 and Level-2A Products. In particular, the ESLs are in charge of following activities:
1. Multi-spectral instrument (MSI) configuration 2. L1 and L2A algorithms evolution, verification and maintenance over the mission lifetime 3. Maintaining the processing baseline 4. Calibration of the MSI sensor and L1 processor 5. Radiometric and Geometric validation of L1 products 6. Calibration of the L2A processor (Sen2Cor) 7. Geophysical validation of all the L2A products.
THE LEVEL-2A PROCESSOR AND PRODUCTS

Sen2Cor Processor and Products
Sen2Cor is the processor for S-2 Level-2A product processing and formatting. The Scene Classification (SC) algorithm allows to detect clouds, snow and cloud shadows and to generate a classification map, which consists of 4 different classes for clouds (including cirrus), together with six different classifications: vegetation, soils / deserts, water, snow, shadows and cloud shadows. The algorithm is based on a series of threshold tests that use as input top-of-atmosphere reflectance from the Sentinel-2 spectral bands. In addition, thresholds are applied on band ratios and indexes like the Normalized Difference Vegetation (NDVI) and Snow Index (NDSI). For each of these thresholds tests, a level of confidence is associated. At the end of the processing chain a probabilistic cloud mask quality map and a snow mask quality map is produced. The algorithm uses the reflective properties of scene features to establish the presence or absence of clouds in a scene. Cloud screening is applied to the data in order to retrieve accurate atmospheric and surface parameters, either as input for the further processing steps below or for being valuable input for processing steps of higher levels.
The Atmospheric Correction (AC) is performed using a set of Look-Up tables generated via libRadtran (Mayer and Kylling, 2005) . Baseline processing is the rural/continental aerosol type. Other Look-Up tables can also be used according to the scene geographic location and climatology. The Atmospheric Correction module is a porting and adaptation of the ATCOR software into Python.
Aerosol Optical Thickness (AOT):
AOT retrieval provides a measure for the visual transparency of the atmosphere. It is derived using the DDV (Dense Dark Vegetation) algorithm (Kaufman and Sendra, 1988) , using the (SWIR) band 12 and correlates its reflectance with bands 4 (red) and 2 (blue). The algorithm requires that the scene contains reference areas of known reflectance behavior, preferably Dark Dense Vegetation (DDV) and/or dark soil and water bodies. The algorithm starts with a user-defined visibility (default: 20 km) as input. If the scene contains no dark vegetation or soil pixels, the surface reflectance threshold of band 12 will be successively iterated in order to include medium brightness reference pixels in the sample. If the scene contains no reference and no water pixels the scene is processed with the start visibility instead. The algorithm delivers an AOT map. (Schläpfer et al. 1998 ) which is applied to the two Sentinel-2 bands B8a, and B9. Band 8a is the reference channel in an atmospheric window region. Band B9 is the measurement channel in the absorption region. The absorption depth is evaluated by calculating the radiance for an atmosphere with no water vapour, assuming that the surface reflectance for the measurement channel is the same as for the reference channel. The absorption depth is then a measure of the water vapour column content.
Cirrus Correction:
Algorithm uses the Sentinel-2 (cirrus) channel 10. Thin cirrus clouds affect the visible, nearand shortwave infrared spectral regions. They are partially transparent and thus difficult to detect with broad-band multispectral sensors, especially over spatially inhomogeneous land areas. Water vapour, in contrast, dominates in the lower troposphere of 0-5 km altitude. A narrow spectral band in a spectral region of very strong water vapour absorption (Band 10) will thus absorb the ground reflected signal, but will receive the scattered cirrus signal. Cirrus reflectance of band 10 can therefore be correlated with other bands in the VNIR and SWIR region and the cirrus contribution can thus be removed from the radiance signal to obtain a cirrus-corrected scene.
Topographic correction:
Recommended if more than 5% of the pixels have slopes > 8°. In mountainous terrain the topography introduces strong brightness variations depending on the orientation of a surface element. The objective of a combined topographic / atmospheric correction is the elimination of topographic effects during the surface reflectance retrieval. An accurate digital elevation model (DEM) of about the same spatial resolution as the pixel size of the instrument and a very accurate ortho-rectification are required to achieve a satisfactory topographic correction. In addition scenes in mountainous regions often exhibit a large variation of terrain slopes, and thus bidirectional brightness variations for a certain surface cover, e.g. meadow or forest. This behaviour cannot adequately be eliminated with the Lambertian assumption and leads to overcorrected reflectance values in faintly illuminated areas. Therefore several BRDF empirical corrections are proposed within Sen2Cor to overcome this problem.
THE L2A CALIBRATION AND VALIDATION
Since the S-2 launch is scheduled for June 2015, first data can be expected already in July or August 2015. These data have to be very precisely calibrated and validated at all pre-processing levels before dissemination to the users. Telespazio France and DLR have teamed up in order to provide the best added-value support to the MPC for calibration of the Level-2A processor (Sen2Cor) and geophysical validation of Level-2A products.
L2A Calibration
Calibration of the L2A processor encompasses two main domains: radiometry, which concerns the AC outputs of Sen2Cor, and classification, which involves Cloud Screening and Classification products. Calibration of radiometry outputs focuses on the Atmospheric Correction parametrization and comprises following activities: 1. Investigation of the processor sensitivity to the configuration parameters (e.g. thresholds). Calibration of Cloud Screening and Classification algorithm is based on an empirical approach and encompasses full calibration of threshold parameters. The calibration procedure consists of: 1. Run of Sen2Cor processor using default thresholds to produce SC products 2. Manual inspection of pixel classification results to superimpose the scene classification map and L1C spectral bands. The outputs of this step are a performance assessment of the classification for each class reporting on: over-detection, under-detection, misclassification (indicating the wrong class assigned) and how the edges/boundaries between classes are handled by the processor 3. Based on this first assessment the improvements to be performed are listed in three cases: ("easy", "medium", "difficult"). These cases correspond to a tuning of the SC thresholds that improves the Scene Classification: without having a negative impact on the other classes ("Easy"), having a limited negative impact on other classes ("Medium"), or improving results for one class but having a negative impact on other classes ("Difficult") 4. The proper activity of fine tuning consists in manually slightly varying the SC thresholds to improve the Scene Classification based on these three different cases (easy, medium, and difficult) 5. Run of Sen2Cor processor using a new set of updated SC parameters 6. A quantitative comparison exercise performed between the results of the updated baseline and the results of the current baseline to assess the impact of the algorithm. i.e., the absolute and relative variation of the number of pixels per class, the class origin for the new classified pixels.
A calibration dataset of Sentinel-2 Level-1C products is constituted, covering different land cover types (e.g. snow, rocks, desert, urban, vegetation, grass, forest, cropland, vineyard, irrigated crops, rivers, lakes, sand, costal area, wetlands, ocean water) and different atmospheric conditions (e.g. cloud cover, aerosol optical thickness, water vapour content). In addition, the calibration dataset is worldwide including different latitudes in order to cover various solar angles and seasons (Figure 3 ).
The 
L2A Validation
Validation activities consist of validation of radiometry and classification outputs of Sen2Cor processor. Geophysical validation of L2A products encompasses:
Validation of AOT and WV:
This task is performed by comparing Sen2Cor outputs with in-situ data provided by collocated S-2A overpasses and sunphotometer measurements at the ground for a set of test sites representative of main surface and atmosphere types. Validation comprises following activities: 1. Acquisition, quality assurance and archiving in-situ sunphotometer measurements from selected Aeronet sites representative for all latitude regions, all continents, different land cover types and different topography (Figure 4 ). 2. Microtops measurements on test site Potsdam/Berlin performed in a time series from ~2 h before to ~2 h after the Sentinel-2 overpass, if the meteorological conditions are acceptable. Short time series with a time step of 15 minutes allows recognition of trends and outliers (quality assurance). Even at the stable land surface it is required for each time step to perform groups of at least 10 scans with each instrument for the final data analysis. 3. Processing of Microtops measurements using a coupled analysis of sunphotometer and ozonometer measurements (Pflug, 2013) . First, ozonometer data are used for computation of vertical column ozone content [cmSTP] . Actual cmSTP is used to calculate vertical column AOT-spectra. AOT spectra allow computation of the vertical column Ångstroem exponent α, which contains information about aerosol particle size respectively aerosol type. Spectral dependency of AOT given with the AOT-spectra is also used to compute vertical column water vapour content [cm precipitable water column] and to interpolate the AOT at 550 nm. 4. Direct comparison of Sen2Cor outputs with groundtruth from in-situ data and statistical analysis.
More basic meteorological information like humidity of air, wind speed, wind direction and cloud cover can assist interpretation of results as additional information characterizing aerosol properties and the quality of the satellite image. 
Validation of BOA reflectance:
Validation focuses on comparing Sen2Cor outputs with surface reflectance reference data. These reference data are computed with a radiation transport model using AOT and WV information provided by collocated sunphotometer measurements as input. This validation makes use of the same test sites and in-situ data sets used for validation of AOT and WV products (Figure 4) . The selected test sites are representative of main surface and atmosphere types. Specifically, the validation procedure consists of:
1. Computation of surface reflectance reference data. For a subset of 10 km x 10 km around the sunphotometer location, AOT, aerosol model and column water vapour derived from sunphotometer measurements are used in a radiative transfer model libRadtran to perform atmospheric correction of S2 L1C TOA reflectance. Only pixels that were not flagged out by the L1 processor and not labelled as cloudy are considered for a pixel-by-pixel comparison of Sen2Cor BOA reflectance product and surface reflection reference computed (Ju et al, 2012, Vermote and Saleous, 2008) . 2. Provision of surface reflection in-situ data for BOA reflectance product validation from permanently operating stations and ad-hoc campaigns. This activity encompasses acquisition, quality assurance and archiving of in-situ surface reflectance measurements. So far only one permanently operating station confirmed data provision for L2A-validation. DLR organizes one ad-hoc campaign in Germany per year, with the DLR-Hyspex sensor concomitant to Sentinel-2 overpasses, complemented by sunphotometer and surface reflectance measurements on the ground. Provision of BOA reference data in addition relies on other campaigns coordinated by international parties e.g. ESTEC, EUFAR. Low altitude aircraft flights are considered to minimize atmospheric effects on measurements/data. Then accurate surface reflectance data with high spectral and spatial resolution can be computed from the data takes. Hyperspectral data are convolved to match the S2 spectral channels. High spatial resolution enables upscaling of hyperspectral data to pixel resolution and pixel location of S2 data. 
Cloud Screening & Classification Validation:
The main objectives include verification of the cloud screening/masking and classification accuracy to limit L2A products and final products uncertainties. The Scene Classification Validation is limited due to the lack of "ground truth" data sets. Therefore, validation of classification map relies on the visual inspection, supplemented by the meteorological data, if available. Validation is performed using a set of test sites (Figure 4) representative for a large range of land cover types and weather condition (e.g. sun position, elevation, cloud cover). The Cloud Screening and Scene Classification Validation involves following steps: 1. Selection of a reference database based on a stratified random sampling, in order to guarantee statistical consistency (validity), and avoid exclusion of spatially limited classes from the validation. 2. Visual inspection of the samples using ENVI © software. In case of difficulties in class identification as for example distinction of dark water and shadow pixel, or between cloud and snow pixel, additional tools like TimeSync © software (Cohen et al., 2010) and open data archive Google Earth are involved. Visual inspection is provided for following classes: no data, saturated or defective pixels, dark pixels and clouds shadows, vegetation, bare soils, water, cloud probabilities (low, medium, high), thin cirrus, and snow. Besides of existing 11 class labels, one additional label for non-classified samples is introduced. The Cloud Screening Validation is performed based on the visual inspection of original images and on-ground clouds observations, available from the meteorological stations. Cloud Confidence Quality Indicator (QI) ranges from 0 (clear sky) to 100 (clouds). Using confidence thresholding, probability of clouds is validated based on 3 classes: cloud low probability (confidence below 35%), cloud medium probability (confidence between 35% and 65%), and cloud high probability (confidence above 65%). Additionally, a Snow Confidence Quality Indicator QI is used as a support for snow class validation. 3. Establishment of reference database and comparison with the classification results. 4. Calculation of an error matrix and accuracy statistics. First statistical analysis relies on Aeronet level 1.5 data due to the delay in access to Level 2 Aeronet data from few months to more than 1 year after the date of measurements. Level 1.5 data are automatically cloud cleared but may not have final calibration applied yet. These data are not Quality Assured. The preliminary calibration of the Sen2Cor Cloud Screening and Classification algorithm is performed using the initial calibration dataset. The Cloud Screening and Scene Classification are validated as soon as initial calibrated L2A products are released.
Time schedule
Phase E2:
Similarly to activities in Phase E1, the objectives are acquisition, quality assurance and archiving of Aeronet data, Microtops and surface reflectance measurements required to perform the Sen2Cor processor and products calibration and validation. Processing of the corresponding satellite data will be continued respectively Sentinel-2 data will be reprocessed with a revised radiometric calibration. As far as available, the Aeronet Level 1.5 data will be replaced by Level 2.0 data. Level 2.0 Aeronet data are pre and post field calibrated, automatically cloud cleared and manually inspected. The full calibration and validation of the Sen2Cor Cloud Screening and Classification algorithm is performed using the calibration and validation datasets enlarged by new acquisitions, considering different solar/viewing angles and various atmospheric conditions.
INVITATION TO COLLABORATION
In the frame of AC validation, three types of BOA reflectance references are considered:
1. equipped sites with systematic on-ground measurements (e.g. RADCALNET, CEOS and Aeronet) 2. ad-hoc campaigns (own and coordinated by other parties) 3. Landsat BOA products (cross-comparison exercise).
Since all CEOS test sites represent very bright targets (e.g. desert, salt lake, ice), it is unreasonable to include many of them into the L2A-validation. The influence of the atmosphere is smaller for bright targets than for darker surfaces, due to the higher part of directly reflected radiation. Thus, concentrating the validation to bright surfaces would lead to an underestimation of the atmospheric correction uncertainty.
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Additionally, applications using atmospherically corrected Sentinel-2 data mainly concern darker targets like vegetation. Therefore, a high quality validation of BOA reflectance product has to be based on dominance of darker surfaces. Until now this is the most critical part of the Sen2Cor BOA validation activities.
To ensure high representativeness and quality of S2 L2A BOA validation, provision of in-situ surface reflectance data over various (including darker) surfaces, both from equipped sites as well as from international cooperation with laboratories or other entities has to be strived. Since ad-hoc campaigns can be performed at flexibly chosen sites (e.g. vegetation sites, urban sites, or coastal regions), they give good opportunity to fill the gaps in the coverage of surface types within the collection of in-situ data. Finally, it can be assumed that there are worldwide many institutions performing ad-hoc campaigns for validation of higher-level Sentinel-2 products. These institutions are highly invited to cooperate with ESL L2A team by giving potential of free access to their data suitable for L2A validation.
APPENDIX
The selection of test-sites for Sentinel-2 L2A Calibration and Validation is described in this appendix. The nomenclature for latitude region (zone) was specified according to the one's from Nasa Goddard for the Landsat global dataset used for ACCA validation ( i.e. Polar > 60°, Boreal > 45°N, MidlatitudeN > 30°N, SubtropicalN >15°N, 15°N < Tropical < 15S and equivalent for southern hemisphere latitudes). Vegetation land cover stands for tundra, prairie, steppe, scrubland or semi-arid. Topography was assigned to flat if elevation varies over the 10km×10km area by less than 100m, and above 100m to rough. 
